A DNA sequence of about 1.0 kilobase (kb) derived from a 230-kb (140-megadalton) 
Essential attributes of shigellae needed to provoke bacillary dysentery are its invasiveness into the colonic epithelia, followed by multiplication within the epithelial cells (7) . The genetic information required for these attributes is located not only on the chromosome (18) but also on a large plasmid (18, 19) . Thus, a 230-kilobase (kb) plasmid has been associated with the virulence of Shigella flexneri (19) . The loss of virulence as determined by mouse Sereny tests (14) and the loss of the ability to bind Congo red (Pcr+) as revealed by growing the bacteria on a Congo red-containing agar plate have been found to correlate with each other (22) . The Pcr+ phenotype frequently correlates with detectable molecular alterations of the 230-kb plasmid (11, 22) . This correlation of virulence and expression of the Pcr+ phenotype prompted us to clone the virulence determinants by cloning those for Pcr+. For this purpose, DNA partially digested with Sau3A was ligated to pBR322 and transformed to Escherichia coli K-12. During the latter part of a previous study (22) , at least two separate determinants required for virulence and expression of the Pcr+ phenotype in S. flexneri were found at more than 50 kb apart from each other. Subsequent studies with TnS for insertional inactivation revealed this distance to be even more than 100 kb (unpublished data). If the requirements for expression of the Pcr+ phenotype in E. coli K-12 were the same as those in S. flexneri, i.e., if more than two genetic determinants located at 100 kb apart were required for expression of the Pcr+ phenotype in E. coli K-12 (as is the case with S. flexneri), this cloning method would not be successful because it would not be suitable for cloning a DNA fragment as large as 100 kb. However, this method was, in fact, successful because of the difference in the requirements for expression of the Pcr+ phenotype of S.
flexneri and E. coli K-12. Thus, a DNA sequence of ca. 1 presents evidence to support these conclusions. During preparation of this manuscript, we read a report by Daskaleros and Payne (5) on the cloning of a region sufficient to bind Congo red in S. flexneri and E. coli K-12.
MATERIALS AND METHODS Bacterial strains used. Fully virulent wild-type S.flexneri 2a 50 (YSH6000) was used as the source of S. flexneri hosts and the 230-kb plasmid (22) . The strain had a virulence-associated 230-kb plasmid, pMYSH6000, and two small plasmids, 3.3 and 4.2 kb, existing in common in S. flexneri. However, it is resistant to streptomycin, chloramphenicol, tetracycline, and ampicillin, and hence Tnl and Tn3 cannot be used in many aspects of genetic studies which require the use of the transposon. As previously shown (22) , it is positive for the invasion test into tissue-cultured MK cells and for Sereny tests and binds Congo red (Pcr+). Three avirulent Pcrderivatives of YSH6000 were also used whose characteristics have been reported previously (22) . Their relevant characteristics will be described in Results. MC1061 (3) was used as the host of E. coli K-12 Isolation of plasmid DNA. Large-scale preparation of E. coli plasmid DNA was described previously (21) , and smallscale preparation of E. coli plasmid DNA was by the method of Birnboim and Doly (2) . The method for plasmid DNA isolation from S. flexneri has been described previously (22 (24) , and the nick translation method was as described by Maniatis et al. (8) .
RESULTS
Expression of Pcr+ phenotype of the 230-kb S. flexneri plasmid in E. coli K-12 and in avirulent Pcr-S. flexneri mutants with a deletion. The E. coli K-12 substrain with the cointegrate between pMYSH6000 and the replicationthermosensitive derivative of R388::TnS formed clear Pcr+ colonies on the Congo red-containing agar with an intensity comparable to that of YSH6000. This indicates that at least the entire plasmid molecule of pMYSH6000 of S.flexneri can express the Pcr+ phenotype in E. coli K-12, which makes it possible to clone the Pcr+ determinants into E. coli K-12 if sufficient DNA sequences fromn pMYSH6000 can be cloned into pBR322. This cointegrate was further introduced by conjugal transfer into three S. flexneri mutants, YSH6109, YSH6107, and YSH6200, obtained in the previous study (22) . YSH6109 (Fig. 1) .
On the basis of the following four pieces of evidence the major part of pMYSH6500 was concluded to have derived from SalI restriction fragment F of pMYSH6000. First, this clone contains a 3.5-kb BglII fragment, and among the many deletion derivatives isolated in the previous study (22) homologous to ISI as judged by Southern hybridization, indicating that it has derived from fragment F, L, or M ( Fig.  1) (22) . Last, the restriction map of Sall fragment F with Hindlll, PvuII, and EcoRV exactly corresponds to that of pMYSH6500. Thus, it was concluded that pMYSH6500 is composed of a part of SalI fragments F and A (Fig. 1) . pMYSH6500 DNA was digested with ClaI, BglII, HindIll, or SmaI, self-ligated, and then transformed to MC1061 with selection for ampicillin resistance. The self-ligation method results in isolation of deletion mutants (Fig. 1) carrying the replication machinery and ampicillin resistance gene, both from pBR322. Among four deletion mutants shown in Fig. 1 , only the clone, pMYSH6508, obtained after SmaI digestion gave the Pcr+ phenotype in MC1061. Based on this result, ah HpaI-to-SmaI fragment of pMYSH6500, as shown in Fig. 1 , is cloned to the EcoRV site of pBR322. Since cleavage by HpaI, SmaI, and EcoRV each produces flush ends, this has resulted in two different subclones, pMYSH6501 and pMYSH6502, with different orientations. Both subclones expressed the Pcr+ phenotype in MC1061 to a similar extent, and hence they did so by their own promoter rather than by the promoter of the tetracycline gene of the vector. These clones, pMYSH6501 and pMYSH6502, were cleaved at the BamHI site on pBR322, treated with BAL 31 exonuclease, linked to a BamHI linker, ligated, and then transformed to MC1061. Their plasmid DNA was extracted, double digested with EcoRI and BamHI, and analyzed for the extent of deletion. The expression of the Pcr+ phenotype was determined and compared with the deletion map shown in Fig. 2 . On the other hand, the HpaI-HaeII fragment of pMYSH6500, when cloned by replacing it with the fragment on pBR322 between the HaeII site at 236 base pairs and the HinclI site at 653 base pairs (16, 25) , produced a plasmid, pMYSH6503. It expresses the Pcr+ phenotype, indicating that the fragment between HaeII and SmaI of both pMYSH6501 and pMYSH6502 is not required for expression of the Pcr+ phenotype (Fig. 1) . From these results, we concluded that the 1.0-kb DNA sequence shown on the bottom line of Fig. 2 is required for expression of the Pcr+ phenotype in MC1061. In this report the 1.0-kb region will be tentatively designated as the virF region (F named after Sall fragment F).
Phenotypes encoded by the virF region as shown by trans complementation in various hosts. The HpaII-HpaII fragment of pMYSH6503 containing the virF region ( Fig. 2 and 3) was inserted into the ClaI site of the vector pMY6001, and thus pMYSH6504 was obtained. The plasmid was transformed to avirulent derivatives of YSH6000, YSH6109, YSH6107, and YSH6200 (Fig. 4) . As a control without the virF region, the vector pMY6001 was similarly transformed to the three strains. In these transformants, pMYSH6504 and the vector pMY6001 were shown to exist independently of the resident plasmids. The Sall restriction cleavage patterns of the resident plasmids of YSH6109 and YSH6107 were not physically altered. The transformant thus made of YSH6109 carrying a resident plasmid which originated from the wild-type 230-kb plasmid by deletion within Sall fragments F and L was converted to Pcr+ to an extent comparable to that of the wild-type S. flexneri (YSH6000), and it was virulent as judged by guinea pig and mouse Sereny tests. The transformant formed smaller colonies than YSH6109, characteristic of the wild-type S. flexneri, with respect to the phenotypes related to the plasmid-associated virulence and Pcr' phenotype as shown previously (22) . Two other S. flexneri strains with (YSH6107) or without (YSH6200) a plasmid bearing a larger deletion were still avirulent and Pcr-when compared with the wild-type S. flexneri (YSH6000) after introduction of pMYSH6504. Thus, the virF is trans-dominant and an essential but not sufficient determinant for virulence and the Pcr+ phenotype in S. flexneri.
Minicell analysis of the product of the virF region. By the minicell analysis with pMYSH6500 or Sall restriction fragment F cloned to pBR322, only a protein of ca. 20 kilodaltons was detected (Fig. 5) . Although the size of the virF region is not far from that of the 20-kilodalton protein product, it cannot be concluded now that this protein is the product of the virF region. DNA sequencing data, minicell analysis with a smaller virF clone, and a comparison of the minicell products of the wild-type plasmid will be required to reach a final conclusion. Fig. 1 and 2. indicating that one or more genetic determinants required for virulence and the Pcr+ phenotype are encoded by the region within these additional deletions and outside Sall fragments F and L. These observations are in good agreement with previous results (22) that an IS1 insertion (pMYSH6112) into Sall fragment H and a deletion (pMYSH6109) of SalI fragments F and L are located at more than 50 kb apart from one another on the 230-kb plasmid, and both exhibit negative Sereny tests and are Pcr-. An analysis of numerous TnS insertion mutants of the plasmid is gradually uncovering the fact that there are far more than two regions required in S. flexneri for expression of these phenotypes on the 230-kb plasmid (9; our unpublished data).
DISCUSSION
Then why is the virF region sufficient for expression of the Pcr+ phenotype in E. coli K-12? One reservation is that the intensity of expression of the Pcr+ phenotype of E. coli K-12 with this cloned region is far less marked than that of the wild-type virulent S. flexneri and E. coli K-12 which has a cointegrate of R388::Tn5 and the 230-kb plasmid. The Pcr+ and Pcr-phenotypes are sharply defined in S. flexneri, whereas they are only relative in E. coli K-12. We have isolated from YSH6109 a Pcr+ but still avirulent (as judged by Sereny tests) mutant which contains a plasmid physically indistinguishable from that of YSH6109. Thus, a certain chromosomal mutation may lead to expression of the Pcr+ phenotype without any accompanying change in the plasmid. For example, a mutational change of the bacterial cell surface (17) may result in expression of the Pcr+ phenotype without involvement of the 230-kb plasmid (11, 15) . The difference in the surface structure between S. flexneri and E. coli K-12, since the latter is a rough mutant, is most likely the reason for the difference in phenotypic expression of Pcr.
Maurelli et al. (10) reported that Pcr' and virulence phenotypes were expressed in S. flexneri only at 37°C and not at 30°C. Such a temperature dependency of the Pcr+ phenotype was also found in our S. flexneri and E. coli K-12 strains with a cloned DNA containing the virF region (data not shown).
It was indeed a surprise that cloned plasmid DNAs in Pcr+ transformants of E. coli K-12 did not show any common band upon restriction endonuclease analysis. This implies that there is more than one determinant for expression of the Pcr+ phenotype in E. coli K-12. This prompted us to examine the Pcr phenotype of numerous SalI fragments cloned to pBR322 obtained in the previous report (22) . We found that Sall fragment J and Sall fragments N + R' also gave the Pcr+ phenotype. Subsequently, some Sall fragments on the 230-kb plasmid, including fragment N, were found to hybridize slightly in Southern hybridization with the HpaII-HaeIII fragment as a probe which has the complete but minimal virF region (Fig. 2) . These results suggest the existence of genetic determinants similar in their function as well as in their nucleotide sequence. This may suggest the existence of a naturally silent Pcr determinant analogous to that found in the pilus gene and the gene coding for the outer membrane protein Op (or Pll) in Neisseria gonorrhoeae (6, 12) . This may be related to the genetic instability of the 230-kb plasmid (5, 11, 22) and also the existence of deletion hot spots on the plasmid (22 
